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ADF&G TECHNICAL DATA REPORTS 

This ser ies  o f  reports i s  designed t o  f a c i l i t a t e  prompt 
repor t ing o f  data from studies conducted by the Alaska 
Department o f  F ish and Game, espec ia l ly  studies which 
may be o f  d i r ec t  and immediate i n t e res t  t o  sc i en t i s t s  o f  
other agencies. 

The primary purpose o f  these reports i s  presentat ion of 
data. Descript ion o f  programs and data co l l ec t i on  methods 
i s  included on ly  t o  the extent  required f o r  i n t e rp re ta t i on  
o f  the data. Analysis i s  general ly l i m i t e d  t o  t h a t  neces- 
sary f o r  c l a r i f i c a t i o n  o f  data co l l ec t i on  methods and 
i n te rp re ta t i on  o f  the basic data. No attempt i s  made i n  
these reports t o  present analysis o f  the data r e l a t i v e  t o  
i t s  u l t imate or  intended use. 

Data presented i n  these reports i s  intended t o  be f i n a l ,  
however, some revis ions may occasional ly  be necessary. 
Minor revis ions w i l l  be made v i a  e r ra ta  sheets. Major 
rev is ions w i l l  be made i n  the form o f  r ev i  sed reports. 
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ABSTRACT 

Using results  of 1 inear discriminant function analysis and age composition data, 
sockeye salmon (Oncorhynchus nerka) commercially caught in Dis t r ic t  212 were 
allocated t o  two runs, one composed of stocks originating in the Upper Copper 
River basin (Upriver) and another originating in the Copper River Delta and Bering 
River watersheds (Del ta/Bering). Linear discriminant functions were bui l t  with 
scale pattern measurements from fish of known origin sampled in the escapements 
of each run. Through jackknife procedures, functions correctly classif ied 74.0% 
of t e s t  f i sh  aged 1.3 and 79.5% of t e s t  f i sh  aged 1 . 2 .  Functions for f i sh  aged 
1.3 were used t o  estimate the proportions of Upriver and Delta/Bering in samples 
from weekly catches in subdistr icts  of Dis t r ic t  212. There were s t a t i s t i c a l l y  
significant  differences in the catch run composition among weeks, b u t  not aniong 
subdis t r ic ts .  The Upriver contribution (538,254 f i sh )  to catches of f i sh  aged 
1 .3  in Dis t r ic t  21 2 occurred mostly in May and June while the Del ta/Bering contri- 
bution (380,493 f i s h )  was evenly distributed throughout the season; the 90% con- 
fidence interval for  each estimated contribution was + 114,000 f i sh .  When expanded 
t o  include a l l  age groups the run contribution of the Upriver and Del ta/Bering runs 
t o  season catches were 611,057 and 582,327 f i sh ,  respectively. Upriver escapement 
was larger than Delta/Bering escapement. The accuracy of functions for  f i sh  aged 
1 . 2  suggest that scale pattern analysis can be used in 1983 to al locate f i sh  aged 
1.3 from the same brood year. Scale measurements related t o  growth in freshwater 
provided the most discriminant power in functions for b o t h  brood years. 

K E Y  WORDS: catch a1 1 ocation, migratory timing, sockeye salmon, ~r~corI~ijnctrus rlerka, 
scale pattern analysis. 



INTRODUCTION 

The Copper River and Bering River commercial fishery d i s t r i c t s  are located on 
the Gulf of Alaska east  of Prince William Sound. The Copper River Dis t r ic t  
( 2 1 2 )  extends from Cape Martin on the east  t o  Hook Point, Hinchinbrook Island 
on the west, and i s  divided into three subdistr icts  (10, 20, and 30). The 
Berinq River Dis t r ic t  (200) extends from Cape Martin on the east  t o  Cape Suck1 inq 
on the west and includes Katalla Bay (Subdistrict 10) and Controller Bay (Subdis- 
t r i c t  20) as well as nearshore waters t o  the east  of Kayak Island (Subdistrict 30) 
(Figure I ) .  Effort a n d  catches in these d r i f t  g i l l  net f i sher ies  have been highest 
in the f ive in ter t idal  channels in Dis t r ic t  212: Egg Island Channel (Subdistrict 
l o ) ,  Pete Dahl and Grass Island Channels (Subdistrict 20), and Kokinheni k and 
Softuk Channels (Subdistrict 30). In 1982 there were 525 permit holders e l ig ib le  
to f ish both d i s t r i c t s ,  and the combined catch of sockeye salmon (Oncorhynchus 
nerka) in the two d i s t r i c t s  was 1,325,229 for a total  ex-vessel value to the f ish- 
erman of approximately $8.5 million. 

Sockeye salmon returning to the Copper-Bering River Distr icts  are a mixture of 
stocks from the Upper Copper River drainage, from the small watersheds in the 
Copper River Delta, and from the Berinq River. Stocks from the Upper Copper River 
can be grouped into two runs, one which i s  intercepted by a subsistence fishery a t  
the mouth of the Chi t ina River and one which i s  not (Figure 2 ;  Roberson, personal 
conimunication). Stocks from the Delta can be grouped into many runs: Eyak Lake, 
McKinley Lake, 27-Mi l e  Slough, Marti n River Slough, 39-Mi l e  Creek, Ragged Point 
Lake, Martin Lake, L i t t l e  Martin Lake, and Tokun Lake. Stocks from the Bering 
River can be grouped into runs to Bering Lake, Kushtaka Lake, and Shepherd Creek. 
Aerial surveys and sonar projects indicate that  escapements t o  the Copper River 
have been more numerous than to the Delta and to the Bering River. 

The purpose of t h i s  report i s  t o  al locate the 1982 commercial catches of sockeye 
salmon in Dis t r ic t  212 to ei ther the Upper Copper River (Upriver run) or to the 
combined Copper River Delta and Bering River (DeltaIBerinq run).  The portion of 
weekly catches in each subdistr ict  of Dis t r ic t  212 were estimated with resul ts  of 
scale pattern analysis of f i sh  aged 1.3l and catch and escapement age composition 
data. The total  returns to  the CopperIBering River area were estimated with catch 
allocation and escapement data. Also, discriminant analysis on scales from fish 
aged 1 . 2  was conducted to investigate the separabi 1 i ty of f i sh  from the 1978 brood 
year for  the 1983 fishing season. 

European Formula - Numerals preceding the decimal refer  t o  the number of fresh- 
water annuli, numerals following the decimal a re  the number of marine annuli. 
Total age from the brood year i s  the sum of these two numbers plus one. 



Figure 1 .  The Copper River and Bering River watersheds with adjoining 
fishing d i s t r i c t s  and sampling locations for sockeye salmon, '1982. 
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METHODS 

Discriminant Analysis 

Because l inear discriminant functions based on scale patterns have been used 
successful ly t o  distinguish sockeye salmon returning to the Copper River from 
those returning to the Del ta/Bering watersheds (Sharr 1983a), th i s  technique 
was used to estimate the proportion that  each of these runs represented in the 
1982 catches in Dis t r ic t  2 1 2 .  

Scale samples were taken almost every week from f ish  captured in four channels 
in Distr ict  212 and periodically from a l l  the major escapements t o  the Upriver 
and Del ta/Bering runs. Escapement samples provided scales of known origin t h a t  
were used to  build the discriminant functions, while weekly catch saniples pro- 
vided scales of unknown origin upon which the discriminant functions were 
applied t o  estimate the proportions of Upriver and DeltaIBering f ish  in the 
catches. 

Information on scale patterns for each f ish  was obtained through counts of c i rcul i  
and measurement of distances among c i rcul i  laid down during the summers and win- 
t e r s  spent in freshwater and the f i r s t  year in the ocean (Zones 1 through 5 ;  
Figure 3 ) .  Scale impressions were projected a t  lOOx using equipment similar to  
that described by Bil ton (1970) and modified by Ryan and Christie (1976). Counts 
and measurements were recorded from the projected image using a Talos Digitizing 
Tablet connected t o  a Vector Graphics microcomputer. Measurements taken a1 ong 
the anterior-posterior axis of each scale became the variables (Table 1 )  that  
constituted a standardized vector of data on the scale pattern of each f i sh .  

Linear discriminant, two-way models (functions)'  were constructed with scale 
pattern vectors derived from the escapement samples from the Upriver and the Delta1 
Bering runs. Scales representing the Del ta/Beri ng group were subsampled according 
to re la t ive  run strengths of escapements as estimated through aerial  surveys (Table 
2 ) .  Scale representing the Upriver group were principally from the Chitina sub- 
sistence fishery catches and were subsampled according to  the re la t ive  strengths 
of the early,  middle, and l a t e  segments of escapement past the fishery as e s t i -  
mated from lagged counts a t  the Miles Lake sonar project (Sharr 1983b). Scales 
from Long Lake were also subsampled according t o  the re la t ive  strength of that  
escapement in the Upriver run (Sharr 1983b). All scale variables with measure- 
ments not normally distributed within each group were excluded from the information 
vectors and therefore from the models. Variables were added to  the models accord- 
ing t o  the degree in which the i r  means differed between the Upriver and Delta/ 
Bering runs with those representing the largest  differences added f i r s t .  Variables 
were added until model accuracy ceased to improve. Accuracy was estimated with 
jackknife proceduresz. Two models were constructed, one for f i sh  aged 1.3 which 

Two-way models are  disrriminant functions that  distinguish the numbers of two 
groups, here Upriver f ish and Del ta/Bering f ish .  

2 A jackknife procedure works as follows: ( 1  ) for  standards with n f i sh ,  one f ish  
i s  selected and a discriminant function i s  bui l t  o n  information from the remain- 
i n q  1 1 - 7  scales,  ( 2 )  the selected scale i s  assigned to  a group with the discrim- 
inant function, and ( 3 )  the procedure i s  repeated n times with a different  scale 
selected each time. Accuracy i s  the percentage of fish correctly assigned an 
origin. 
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Table 1 .  Scale pattern variables used t o  build 1 inear discriminant functionsL. 

- 

lltro(n) = Dis tance  from t h e  beginning of the  zone t o  t h e  
second circulus i n  the zone. 

Four(n) = Dis tance  from t h e  beginning of t h e  zone t o  the  
fourth circulus i n  the zone. 

Six(n) = Distance fran the beginning of the zom t o  the sixth 
circulus i n  the zone. 

Eicjht(n) = Dis tance  from t h e  beginning of the  zone t o  t h e  
eighth cireulus i n  the zone. 

Max (n) = Maximum distance between any two adjacent c i rcu l i  in  
the zone, 

(n) = Minimum distance between any two adjacent c i rcu l i  
the zone. 

Lmax (n) = C i r c u l i  count f ram the beginning of the zone t o  the 
location of k x  (n) . 

bmin(n9 = C i r c u l i  count f r a n  the beginning of the zone t o  the  
location of Min (n) . 

NC (n) = Total c i rcu l i  count across the zone. 

m (n) = Total distance across the zone. 

bJCI.f(n) = Number of c i r c u l i  included in  the f i r s t  lxdf of the 
distance across the zone. - 

Zones were measured along the anterior-posterior axis of the scale. Within 
each zone the total  number of c i rcul i  were counted and the distances between 
pairs of adjacent c i rcul i  were measured. Distance measurements were recorded 
in hundredths of an inch. 

2 Where n i s  the number of the zone (see Figure 3 ) .  



Tdble 2 .  Estimated escapements and age proportions used to  subsample s ca l e s  of 
known o r ig in  from the  Upriver and Delta/Bering runs used t o  cons t ruc t  
two-way discr iminant  funct ions  f o r  f i s h  aged 1 .3  and 1 .2 ,  1982. 

-- 
Fish Aged 1.3 

Percent Fish Nunber of Fish Feroent Total 
Sample Estimated Aqed 1.3 i n  Aged 1.3 in Escapment of 

Run S i t e  E s c a p e n t  Sample Escapement Fish Plgud 1.3 Subample 

Upriver ( h i t i m  1 439,213 73.3 321,863 97.8 194 
Long Lake 28,064 26.1 7,337 2.2 6 - -- 
Total 467,277 329,200 100.0 200 

DeltaJBering Eyak Lake 13,500 63.3 8,556 16.2 
McRinley Lake 23,000 29.6 6,8 17 12.9 
27-Mile Slough 5,500 22.6 1,229 2.3 
39-Mile Slough 13,000 45.7 5,915 11.2 
Hartin River Slough 9,500 18.0 1,718 3.2 
Ragged Point Lake 11,500 16.4 1,888 3.6 
Martin Lake 14,800 20.6 3,047 5 .8 
L i t t l e  Martin Lake 6,020 13.4 813 1.5 
Tokun Lake 7,300 71.0 5,182 9.8 
Kushtaka Lake 3,350 55.8 1,868 3.5 
Sheplrd Creek 10,500 63.6 6,683 12.7 
&ring Lake 16,500 55.5 9,154 17.3 

Total 134,470 52,870 100.0 

Fish Aged 1.2 

Percent Fish Nunber of Fish Percent Tota l  
Sample Estimated Aged 1.2 i n  Aged 1.2 i n  Escapnent of 

Rm S i t e  Escapement Sanple Escapment Pish M d  1.2 Subample - -- 
Upriver Chitina 1 439,213 20.8 91,544 83.4 8 3 

Long Lake 28,064 65.2 18,221 16.6 17 

Total 467,277 109,765 100.0 100 - 
Del @/Bering Eyak Lake 13,500 31.1 4,192 8 .O 8 

McKinley Lake 23,000 57.3 l3 ,160 25.0 25 
27-Mile Slough 5,500 41 .O 2,248 4.3 4 
39-Mile Slough 13,000 38.6 4,993 9.5 10 
b r t i n  River Slough 9,500 23.4 2,231 4.2 4 
Ragged Point Lake 11,500 26.4 3,035 5.8 6 
Martin Lake 14,800 61.9 9,166 17.4 17 
L i t t l e  Hartin Lake 6,020 53.4 3,187 6.1 6 
Tokun Lake 7,300 28.2 2,058 3.9 4 
Kushtaka Lake 3,350 26.1 874 1.7 2 
S h e ~ a r d  Creek 10,500 21 .6 2,274 4.3 4 
Bering Lake 16,500 31.3 5,172 9.8 10  - ------- -- ---------- 
'Ibtal 134,470 52,590 100.0 100 - ----- --------- ------------ 

Scales were subsampled by da te  to  r e f l e c t  the  r e l a t i v e  s i z e s  o f  the  e a r l y ,  
middle, and l a t e  segments of the  escapement past  Chitina (Sharr  1983a).  



was used to  apportion catches, and one for f i sh  aged 1.2 which was used to  
assess the accuracy of a model for  f i sh  aged 1 .3 returning in 1983. Sharr 
(1983a) demonstrated the feas ib i l i ty  of such a t e s t .  

Catch and Escapement S t a t i s t i c s  

Commercial catch data used in th i s  report were compiled by the Division of 
Commercial Fisheries for  each management d i s t r i c t  fo r  each week of the fishing 
season and are based on tabulations of individual records of sales by fishermen 
( f i sh  t i cke t s ) .  Samples from weekly catches from each subdistr ict  in Dis t r ic t  
212 provided scales and information about the sex and s ize  of sockeye salmon. 
Ages of f i sh  were determined through examination of scales. Because there were 
no significant  differences in age and sex compositions among samples from the 
different  subdis t r i c t s ,  the weekly samples were pool ed across subdistri  c t s  to  
estimate the age and sex composition for  the ent i re  d i s t r i c t .  

Upriver escapement was estimated by subtracting Upper Copper River subsistence 
catches (Roberson 1982) from the estimates of escapement past the Miles Lake 
Sonar Project (Merri tt and Roberson 1983a) as reported by Randall e t  a1 . (1983) 
while estimates of Delta and Bering River escapements were based on aerial  survey 
data (Fridgen, personal communication) as compiled by Sharr (1 983b). Subsistence 
catches a t  Chitina were assumed to be representative of the escapement past the 
f i  shery and were therefore sampled regularly throughout the season to  obtain 
scales and information about the age and sex composition of the escapement. Fish 
escaping to  Long Lake were sampled a t  a weir. Escapements which contribute signi- 
f icantly to the Delta/Bering r u n  were sampled a t  l eas t  once during the season. 
The ages of f i sh  in the samples were estimated through scale examination and 
length frequency analysis (Sharr 1983b). The estimate of escapement by age for 
the Upriver run i s  the sum of the estimates for  escapement past the subsistence 
fishery and the Long Lake escapement. Similarly, the estimate of the Delta/Bering 
escapement by age i s  a sum of estimates for  escapements contributing t o  that  run 
(Sharr 1983b). 

Catch Apportionment 

Because f ish aged 1.3 were the majority of the catch in Dis t r ic t  212, the two-way 
model for  f i sh  aged 1.3 was used t o  estimate the proportions of Upriver and 
DeltaIBering f ish  in selected weekly catch samples from Egg Island, Pete Dahl, 
Koki nheni k ,  and Softuk Channels. Point estimates were corrected for  misclassifi- 
cation error rates using the procedure of Cook and Lord (1978). The variance and 
the 90% confidence intervals for  the estimates were computed using the procedures 
of Pella and Robertson (1979)l on the corrected estimates. For those weeks when 
the estimated proportions of the Upriver contributions (or  DeltaIBering contribu- 
t ions) of salmon to the catch are not s t a t i s t i c a l l y  different  among channels, an 
average proportion was calculated for  a l l  channels as a unit: 

According to Cook (1982), the procedures of Pella and Robertson (1979)  produce 
confidence intervals  and variances which are too big for the specified preci- 
sion (here 90%). 



Where: 

. = Est imated p r o p o r t i o n  o f  t h e  f i s h  caught  i n  s u b d i s t r i c t  k 
lk (10, 20, o r  30) t h a t  o r i g i n a t e d  f rom r u n  i ( U p r i v e r  o r  

Del t a / B e r i  ng) 

n = Number o f  s u b d i s t r i c t s  i n  t h e  mean. 

The va r i ance  o f  t h e  average p r o p o r t i o n  was c a l c u l a t e d  

The es t ima ted  c o n t r i b u t i o n  o f  f i s h  aged 1.3 f rom each r u n  c a l c u l a t e d  as a  p roduc t  
o f  t h e  es t ima te  of t h e  average p r o p o r t i o n ,  t h e  es t ima te  o f  t h e  f r a c t i o n  o f  t h e  
ca tch  o f  t h a t  age, and t h e  ca tch :  

Where: 

c = Catch o f  f i s h  d u r i n g  t h e  week f rom t h e  e n t i r e  
d i s t r i c t .  

A 

'i1.3 
= Est imated ca tch  o f  f i s h  aged 1.3 r e t u r n i n g  t o  r u n  i. 

A 

P 
1.3 

= Est imated p r o p o r t i o n  o f  f i s h  aged 1.3 i n  t h e  ca tch .  

- 
s = Est imated p r o p o r t i o n  o f  r u n  i aged 1.3 i n  t h e  ca tch .  if .3 

The va r iance  o f  t h e  es t imated ca tch  o f  sockeye salmon aged 1.3 f rom t h e  U p r i v e r  
r u n  ( o r  f rom t h e  D e l t a I B e r i n g  r u n )  was c a l c u l a t e d  as an exac t  va r i ance  o f  a  pro-  
d u c t  acco rd ing  t o  Goodman (1960): 

For  those weeks when one o r  more o f  t h e  es t ima ted  p r o p o r t i o n s  sik proved s i g n i f i -  
c a n t l y  d i f f e r e n t ,  those c o n t r i b u t i o n s  were es t imated sepa ra te l y :  



Where: 

c, = Catch of sockeye salmon in channel k. 

The variance for  Cil.3k was calculated in the same manner as-described above 
according to Goodman (1960) only with ck inserted for  c a n d  S i l .3k  inserted fo r  
the average proportion. Whenever thei r  proportions were different  than those 
of other channels, catches for Subdistrict 10 were apportioned using estimates 
for  samples from Egg Island, catches fo r  Subdistrict 20 using estimates for  
samples from Pete Dahl , and catches for  Subdistrict 30 using the mean of the 
estimates for  Kokinhenik and Softuk. Average proportions and contributions to 
the catch by run from remaining channels (those n o t  s ignificantly d i f ferent)  were 
calculated as stated above. The contributions for  a1 1 channels were then added 
to produce a contribution to  the ent i re  fishery for  that  week; the variance of 
the en t i re  contribution was calculated as a sum of the variances for  each group 
of channels. I n  weeks 29,  31, and 33 catches were n o t  sampled. The estimates of 
the run proportions in the catches in weeks 29 and 31 are interpolated, and in 
week 33 they are  assumed to be the same as in the preceding week (week 32) .  The 
proportions of the catch contribution by age groups other than f ish aged 1.3 from 
the Upriver run and from the Delta/Bering run are functions of the estimates for  
f i sh  aged 1.3 and the ra t io  of f i sh  aged 1.3 to  f i sh  of other age groups in res- 
pective escapements: 

Where: 

2 . .  
11 = Estimated proportion of run i i n  the catches of f i sh  aged j .  

- 
'i1.3 

= Estimated proportion of the run i in the catches of f i sh  
aged 1 .3. 

2 . .  = Estimated proportion of age j f i sh  in the escapement of run i .  
11 

A 

n .  
11.3 

= Estimated proportion of f i sh  aged 1.3 in the 
escapement of run i .  

N = Nurnber of runs. 

The contribution of sockeye salmon age i was then calculated as :  

For those weeks with significantly different  proportions by channel, s i ,  - ; i  n 
the above equation i s  the ra t io  of ?i, - 3  to the es t i~i~ated number of f i sh  aqcd 
1 . 3  in the ent i re  catch fo r  t h a t  week. No variances were calculated for  the 
compositions of the catches of other than f ish aged 1 .3  



Because D i s t r i c t  200 catches were n o t  a1 l o c a t e d  they  were n o t  i n c l u d e d  i n  t h e  
t o t a l  r e t u r n  es t ima te  f o r  e i t h e r  r u n  b u t  were i n c l u d e d  i n  a separa te  ca tegory  
(unassigned) when c a l c u l a t i n g  the  combined t o t a l  r e t u r n  t o  D i s t r i c t s  200 and 212. 

RESULTS 

Catches and Escapements 

The 1982 commercial ca tch  of sockeye salmon i n  D i s t r i c t  212 was 1,193,584 f i s h .  
Peak ca tches were made i n  t h e  l a s t  week o f  May o r  s t a t i s t i c a l  week 22 ( F i g u r e  4 )  
and 95% o f  t h e  ca tch  was landed by t h e  week ending 3 J u l y  (week 27) .  An e s t i -  
mated 601,747 sockeye salmon escaped t h e  commercial f i s h e r y  i n  D i s t r i c t s  212 and 
200 i n  1982 o f  which 467,277l r e t u r n e d  t o  U p r i v e r  spawning areas and 134,470 t o  
Ber ing/Del  t a  spawning areas (Shar r  1983b). The subs is tence f i s h e r y  a t  Chi t i n a  
harves ted an a d d i t i o n a l  105,8262 U p r i v e r  f i s h  r e s u l t i n g  i n  an es t ima ted  n e t  
U p r i v e r  escapement o f  361,451 sockeye salmon. 

F i s h  aged 1.3 comprised 77.0% o f  t he  sockeye salmon caught  i n  D i s t r i c t  212 i n  
1982, w h i l e  f i s h  aged 1.2 comprised 13.7% o f  t he  ca tch ,  and t h e  remain ing  age 
groups (O the r )  comprised 9.3% o f  t h e  c a t c h  ( F i g u r e  4) .  The p r o p o r t i o n  o f  f i s h  
aged 1.3 was p a r t i c u l a r l y  l a r g e  i n  t h e  e a r l y  weeks o f  t h e  f i s h e r y  when catches 
were l a r g e s t  b u t  d e c l i n e d  s t e a d i l y  f rom 88.3% i n  t h e  t h i r d  week o f  May (week 21) 
t o  53.9% by t h e  end o f  t h e  week end ing 3 J u l y  (week 27).  Conversely, i n  t h e  same 
i n t e r v a l ,  t h e  p r o p o r t i o n  of f i s h  aged 1.2 i nc reased  f rom 2.9% t o  35.8%. I n  suc- 
ceeding weeks t h e  r a t i o  o f  f i s h  aged 1.3 t o  f i s h  aged 1.2 f l u c t u a t e d  e r r a t i c a l  l y  
and t h e  p r o p o r t i o n  o f  f i s h  f rom o t h e r  age groups was as h i g h  as 25% i n  t h e  smal l  
catches i n  t h e  f i r s t  two weeks i n  August (weeks 32 and 33). 

I n  t h e  U p r i v e r  escapement, t h e  p o r t i o n  of f i s h  aged 1 .3  was much h i g h e r  t han  t h e  
p o r t i o n  of f i s h  aged 1.2 (70.5% versus 23.5%) b u t  i n  t h e  B e r i n g I D e l t a  escapement 
f i s h  aged 1.3 and f i s h  aged 1.2 were p resen t  i n  approx imate ly  equal p r o p o r t i o n s  
(39.3% and 39.1%, r e s p e c t i v e l y ,  Table 3 ) .  The p o r t i o n  of f i s h  f rom o t h e r  age groups 
was v e r y  smal l  i n  t h e  U p r i v e r  escapement b u t  s i g n i f i c a n t  i n  t h e  D e l t a I B e r i n g  escape- 
ment. For  a more d e t a i l e d  d e s c r i p t i o n  of t h e  ca tch  and escapement s t a t i s t i c s  see 
Shar r  ( 1  983b). 

T h i s  i s  an e s t i m a t e  f o r  a1 1 salmon which m i g r a t e  p a s t  t h e  M i l e s  Lake Sonar 
P r o j e c t  (Mer r i  tt and Roberson 1983a). Randal l  e t  a1 . (1983) use t h i s  number 
as an e s t i m a t e  f o r  sockeye salmon escapement p a s t  M i l e s  Lake and f o r  cons is -  
tency  t h e  same assumption i s  made i n  t h i s  r e p o r t .  It should be noted, however, 
t h a t  Roberson (persona l  communication, 1984) es t ima tes  t h a t  approx imate ly  2.5% 
o f  these f i s h  a r e  chinook salmon. 

T h i s  i s  an es t ima te  based on r e p o r t e d  catches th rough 15 February 1983, b u t  
a l s o  i n c l u d e s  an es t ima te  o f  unrepor ted  catches based on t h e  number o f  unre-  
t u rned  p e r m i t s  and the  r a t i o  o f  sockeye salmon t o  o t h e r  species i n  r e p o r t e d  
catches (Roberson, personal  communication, 1984).  
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Figure 4.  Numbers of sockeye salmon and proportions of f i sh  aged 1.3, 1.2, and 
"Other" in weekly catches in Dis t r i c t  212, 1982. 

Data taken from Appendix Table 1 . 
2 Data taken fro111 Appendix Table 2. 

3 Defined in Table 3. 



Table 3. Age composition of the Upriver and Delta/Bering escapements of sockeye salmon, 1982. 

_______________--__--------------------------------------------------------------------------------------------- 
0.2 I l.ll 0.3 1.2 2 .ll 1.3 2.2l 1 . 4 ~  2.3l 3 .2 l  T o t a l  _____________--____-~----------------------------------------------------------------------------- 

2 
Upriver 

Numbers 2,682 122 8,229 109,765 6 1  329,200 7,283 645 9,168 122 467,277 
Percent 0.58 0.03 1.76 23-49 0.01 70.45 1.56 0.14 1.96 0.02 100.00 

I__________________-------------------------------------------------------------------------------------- 

  el ta/Ber ing  

Numbers 11,101 4,603 11,248 52,590 16 52,870 967 0 1 ,075 0 134,470 
Percent 8.26 3.42 8.36 39.11 0.01 39.32 0.72 0 .O 0.80 0.0 100.00 ............................................................................................................ 

Referred to as "Other" in Figure 4. 

-!-, 2 The estimate of the Upriver escapement of sockeye salmon i s  from Roberson (1983) as reported by Randal1 
0 

I e t  a1 . (1983). Roberson (1 984) has advised that  approximately 2.5% of these f ish  are chinook salmon. 
The numbers of f i sh  were apportioned by age group using a weighted pool of data fo r  the Upper Copper 
River escapement, the Upper Copper River subsistence catch, and the Lonq Lake escapement (Sharr 1983b). 

3 Based on a weighted pool of data from the nine Delta and three Bering River systems sampled i n  1982 (Sharr 
1983b). Small rounding errors were discovered i n  Sharr 's  summary Tables 18 and 28 for  Delta a n d  Bering 
River escapements. Totals in th i s  table are the correct.  



C l a s s i f i c a t i o n  Models 

Scale cha rac te rs  t h a t  correspond t o  summer growth d u r i n g  f reshwa te r  l i f e  proved 
t h e  most power fu l  i n  d i s t i n g u i s h i n g  U p r i v e r  f i s h  from Del t a / B e r i n g  f i s h .  For  
f i s h  aged 1.3 (1977 brood y e a r ) ,  d i f f e r e n c e s  i n  p l u s  growth ( ID3 )  a r e  t h e  most 
power fu l ;  f o r  f i s h  aged 1.2 (1978 brood y e a r ) ,  d i f f e r e n c e s  i n  growth d u r i n g  t h e  
f i r s t  summer ( ID1 )  a r e  t h e  s t ronges t .  For  f i s h  aged 1.3, p l u s  growth was g r e a t e r  
f o r  t h e  D e l t a / B e r i n g  f i s h ,  and f o r  f i s h  aged 1.2 growth i n  t h e  f i r s t  summer was 
g r e a t e r  f o r  U p r i v e r  f i s h  (Tab le  4 ) .  O v e r a l l  j a c k k n i f e d  c l a s s i f i c a t i o n  accuracy 
o f  t h e  model f o r  f i s h  aged 1 .2  i nc reased  t o  79.5% when v a r i a b l e s  ID5, ID2, and 
MAX4 were added and t o  74.0% f o r  f i s h  aged 1.3 when t h e  v a r i a b l e  NCH4 was added. 
The model f o r  f i s h  aged 1.3 c l a s s i f i e d  U p r i v e r  and De l ta /Be r ing  f i s h  e q u a l l y  w e l l  
b u t  t h e  model f o r  f i s h  aged 1.2 c l a s s i f i e d  Del t a /Be r ing  f i s h  w i t h  b e t t e r  accuracy 
than U p r i v e r  f i s h  (84.0% versus  75.0%; Table 5 ) .  

Catch A1 1  o c a t i o n s  

The weekly ca tch  compos i t ion  es t ima tes  f o r  f i s h  aged 1.3 a r e  n o t  demonstrably 
d i f f e r e n t  among channels except  i n  t h e  week ending 10 J u l y  (week 27) when U p r i v e r  
f i s h  c o n t r i b u t e d  t o  t h e  catches i n  a l l  b u t  t h e  Egg I s l a n d  Channel ( F i g u r e  5, 
Table 6 ) .  There appears t o  be a  d i f f e r e n c e  between Egg I s l a n d  and Softuk channels 
i n  t h e  f i r s t  week o f  August (week 32) ,  however; samples used f o r  t h e  two e s t i n ~ a t e s  
rep resen t  v e r y  smal l  catches and any d i f f e r e n c e s  which e x i s t  a r e  n o t  i m p o r t a n t  t o  
t h e  ca tch  a l l o c a t i o n  f o r  a l l  weeks. The mean es t ima tes  o f  t h e  f r a c t i o n  o f  t h e  
U p r i v e r  f i s h  i n  catches i n  D i s t r i c t  212 a r e  s i m i l a r  among weeks and g r e a t e r  than 
50% f rom 16 May t o  5  June (weeks 21 th rough 23),  peak i n  t h e  week ending 12 June 
(week 24; 81.0%) then  d e c l i n e  s t e a d i l y  t o  ze ro  i n  t h e  week end ing 24 J u l y  (week 
30) ( F i g u r e  6, Table 7 ) .  A f t e r  t h e  week end ing 29 May (week 22) t o t a l  catches of 
bo th  U p r i v e r  and Del t a /Be r ing  f i s h  aged 1.3 dec l i ned  s t e a d i l y  however, t h e  r a t e  
o f  d e c l i n e  was l e s s  f o r  Del t a /Be r ing  f i s h  ( F i g u r e  7 )  and, by t h e  week ending 26 
J u l y  (week 26) De l ta /Be r ing  f i s h  were more numerous than U p r i v e r  f i s h  i n  catches 
i n  D i s t r i c t  212. 

For  t h e  e n t i r e  1982 season, t h e  c a t c h  o f  f i s h  o f  a l l  age groups i n  D i s t r i c t  212 
was composed o f  app rox ima te l y  equal p o r t i o n s  o f  U p r i v e r  and De l ta /Be r ing  f i s h  
(51.2% and 48.8%, r e s p e c t i v e l y )  (Tab le  8 ) .  The U p r i v e r  p o r t i o n  o f  f i s h  aged 1.3 
was h i g h e r  than t h e  De l ta /Be r ing  p o r t i o n  (58.6% versus 41.4%) b u t  l ower  f o r  f i s h  
aged 1.2 (32.2% versus 67.8%) and fewer f i s h  f rom o t h e r  age groups (18.2% versus 
81.8%). The es t imated,  combined t o t a l  r e t u r n  o f  sockeye salmon t o  D i s t r i c t s  21 2  
and 200 i n  1982 was 1,926,776 f i s h  o f  which 56.0% were U p r i v e r  f i s h ,  37.2% were 
D e l t a / B e r i n g  f i s h ,  and 6.8% were u n c l a s s i f i e d  f i s h  f rom t h e  D i s t r i c t  200 commercial 
ca tch  (Tab le  9 ) .  The commercial catches o f  U p r i v e r  and De l ta /Be r ing  f i s h  were 
approx imate ly  equal p o r t i o n s  o f  t h e  t o t a l  r e t u r n  (31 .7% and 30.2%, r e s p e c t i v e l y ) .  

DISCUSSION 

There i s  s t r o n g  evidence of temporal v a r i a t i o n  i n  t h e  r u n  compos i t ion  o f  catches 
of sockeye salmon i n  D i s t r i c t  212 b u t  l i t t l e  ev idence o f  s p a t i a l  d i f f e r e n c e s .  
Est imates o f  t h e  r u n  compos i t ion  of catches i n  each channel a r e  s in l i  l a r  alaoncj 
channels w i t h i n  weeks b u t  a r e  d i f f e r e n t  ove r  weeks. Age compos i t ion  data  suppor t  



Table  4. Means and s tandard  d e v i a t i o n s  o f  v a r i a b l e s  used t o  c o n s t r u c t  two-way 
l i n e a r  d i s c r i n i i  nant  f unc t i ons  f o r  1982. 

- .--- 

Fish aged 1.3 

Variable Upriver Del ta/Bering 
F value1 Mean SD Mean SD 

- 
Fish aged 1.2 

Variable Upriver Del ta/Ber i nq  
F value1 Mean SD Mean SD 

Values o f  F rep resen t  t h e  r e l a t i v e  s t r e n g t h s  o f  t h e  d i f f e r e n c e s  i n  t h e  v a r i -  
ab l  es between d i  sc r i rn i  nant  groups. 



Tab le  5. Jackkn i f ed  c l a s s i f i c a t i o n  accu rac ies  f o r  l i n e a r  d i s c r i m i n a n t  
f u n c t i o n s ,  1982. 

Y 

Fish aged 1.3 

Actual R u n  Sarnpl e Number of Fish Percent 
Size Classif ied t o  Run Correct - - 

Upriver Del ta/Ber ing 
Upriver 200 148 5 2 74.0 
Delta/Berinq 200 52 148 74.0 

Overall percent correct = 74.0 

- 
Fish aged 1.2 

Actual Run Sarnpl e Number of Fish Percent 
Size Classif ied t o  Run Correct - 

Upriver Delta/Bering 
Upriver 100 75 2 5 75.0 
Del  ta/Bering 100 16 84 84 .O 
P ' .  __I 14- P 

Overall percent correct  = 79.5 





Table 6 .  Run composition estimates and associated 90% confidence intervals  from scale pattern analysis of 
sockeye salmon aged 1 .3  by entrance in Distr ict  212, 1982. 

Egg Is land Pete Dahl Kokinhenik Softuk --------- --------- - ---- -- - - 
Week Dates Group P r o p r t i o n  90% c.1: Proportion 90% C.1.l P r o p r t i o n  90% C. I. P r o p r t i o n  90% c.1.l 

Upriver 
Delta/Dering 

Upriver 
Delta/Eering 

Upriver 
Celta/Bering 

Upriver 
Delta/Bering 

Vpr iver  
Delta/Bering 

Upriver 
Delta/Bering 

Upriver 
Delta/Bering 

Upriver 
Del ta/Bering 

Upriver 
Delta/E!ering 

Upriver 
D e l t a / k r i n g  

Upriver 
Delta/Bering 

Upriver 
Delta/Berinq 

Upriver 
Delta/&ring 

For groups in a two-way model the confidence intervals are the same for  both. Confidence intervals  were 
calculated according to the techniques of Pella and Robertson (1979) and are conservative (Cook 1982). 

2 The techniques of Pella and Robertson (1979) can give a negative estimate and an estimate greater than 1 . 0  
for  the other group. These estimates were adjusted to zero and 1 . O ,  respectively. 

3 No estimates in th i s  week. 
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Figure 6. Upriver contribution to  commercial catches of sockeye salmon aged 
1.3 in  D i s t r i c t  212 i n  1982l. 

The brackets around the estimates correspond t o  the 90% confidence in t e rva l s .  
Dashed brackets ind ica te  interpolated o r  extrapolated estimates.  Due t o  the 
sca le  of the  p lo t ,  confidence in t e rva l s  spanning fewer than 5,000 f i s h  a r e  
not shown. 



Table 7 .  Estimated numbers o f  Upriver and Bering/Delta sockeye salmon aged 1 . 3  caught in Dis t r ic t  212,  1982. 

........................................................................................................................... 
E s t i m a t e d  E s t i m a t e d  S t a n d a r d  E r r o r  C o e f f i c i e n t  of 

Week D a t e s  Sys t em P r o p o r t i o n  Numbers o f  E s t i m a t e  V a r i a t i o n  ........................................................................................................................... 
21 5/16-5/22 U p r i v e r  . 57  121 ,780  1 6 , 5 0 1  - 1 4  

De l  t a / B e r  i n q  . 4 3  90 ,751  1 6 , 4 8 4  .18  
T o t a l  1 . 0 0  2 1 2 , 5 3 1  

2 2  5/23-2/29 U p r i v e r  . 6 2  
D e l t a / B e r i n q  . 38  
T o t a l  1 .00  

2  3  5130-5/05 U p r i v e r  .56  
D e l  t a / B e r  i n g  . 44  
T o t a l  1 . 0 0  

24 6 /06-6/12 U p r i v e r  . 8 1  
De l  t a / B e r  i n q  . 1 9  
T o t a l  1 .OO 

25 6/13-6/19 U p r i v e r  . 56  
I 
N D e l t a / B e r  i n q  . 44  
0 T o t a l  
I 

1 . 0 0  

26 6/ 20 -6,' 26 U p r i v e r  . 4 3  
Del  t a / B e r  i n g  . 57  
T o t a l  1 . 0 0  

2  7  6,' 27-7/03 U p r i v e r  . 2 8 l  
De l  t a / B e r  i n g  7  2 l  
T o t a l  1 .00  

2  8  7/04-7/10 U p r i v e r  . 20  
D e l t a / B e r i n g  . 80  
T o t a l  1 .00  

29 7/11-7/17 U p r i v e r  -10: 
Del t a / B e r i n g  . 90  
T o t a l  1 . 0 0  

3  0  7 /18-7/24 U p r i v e r  0  o 
Del  t a / B e r  i n q  1 . 0 0  1 1 , 4 2 1  1 8 3  . 0 2  
T o t a l  1 . O O  1 1 , 4 2 1  ........................................................................................................................... 
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Figure 7 .  Upriver and Del ta/Bering contributions to commercial catches of 
sockeye salmon . jged 1 . 3  in Dis t r ic t  212 in 1982. 
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Table 9. Total return of sockeye salmon by run and age group to Dis t r ic ts  212 and 200 combined, 1982. 

1.3 1.2 Gther No Age Total 
Run Fercent NLmbe~ Percent Nunber Percent Nmkr Percent Nunker Percent Nunker 

Upriver 
~rxranercial ~ a t c h l  27.9 538,254 2.7 52,484 1.1 20,319 0.0 0 31.7 611,057 
S u k i  stence Catch 3.1 60,102 0.8 15,407 0.3 5,466 0.0 0 4.2 80,975 
Subsistence Catch 1.0 18,159 0.3 5,281 0.1 1,411 0.0 0 1.3 24,851 
Escament l3.0 250,939 4.6 89,077 1.1 21,435 0.0 0 18.8 361,451 
'lb tal 45.0 867,454 8.4 162,249 2.6 48,631 0.0 0 56.0 1,078,334 

Ccmnercial Catch 0.0 0 0.0 0 0.0 0 6.8 131,645 6.8 131,645 
'lb tal 0.0 0 0.0 0 0.0 0 6.8 131,645 6.8 131,645 

I 
N 
P mt.1 

@merc ia l  Qtcn 47.6 918,747 8.5 162,993 5.8 111,644 6.8 131,645 68.7 1,325,029 
Sukistence Catch 3.1 78,261 1.1 20,688 0.4 6,877 0.0 0 5.5 105,826 
E s c a p n e n t  15.8 303,808 7.3 141,667 2.6 50,446 0.0 0 25.8 495,927 
Ta tal 67.5 1,300,816 16.9 325,348 8.8 168,967 6.8 131,645 100.0 1,926,776 

Dis t r ic t  212 catches only. 

These catches were reported by date and the age composition i s  a weighted sum of the age composition e s t i -  
mates for  catches from the early,  middle, and l a t e  portions of the subsistence f ishery .  
This i s  a sum of reported catches for  which dates were missinq and estimated unreported catches (Roberson 
1984) and were apportioned by age using the season total  age composition of the Upriver escapement from Sharr 
1983b). 

This i s  the estimate for  a1 1 salmon migrating past the Miles Lake Sonar Project minus the estimated subsis- 
tence catches of sockeye salmon. For the sake of consistency, we have used the Upriver escapement of sockeye 
salmon past Miles Lake (Merri t t  and Roberson 1983b) as reported by Randall e t  a1 . ( 1  983), however i t  should 
be noted that  Roberson (1984) estimates that  approximately 2.5% of the estimate from sonar counts are chinook 
salmon. The age composition estimates for  the Upriver escapement a re  from Sharr (1983b), however because sub- 
sistence catches lacking date of capture information were treated di f ferent ly  in th is  report the escapement in 
numbers of f i sh  by age group appearing in th i s  table d i f fe r  from those presented by Sharr (1983b). 

V h e s e  a re  catches from Dis t r ic t  200 and because samples from these catches were s~na l l ,  the catches were n o t  
apportioned by run and age group. 



t h e  r e s u l t s  o f  s c a l e  p a t t e r n  a n a l y s i s .  Because t h e  1982 escapement and ca tch  
samples a r e  l a r g e  and s t r a t i f i e d  th rough t ime,  es t ima tes  of age compos i t ion  a r e  
ve ry  p r e c i s e  and even s u b t l e  d i f f e rences  between samples a r e  v e r y  s i g n i f i c a n t .  
The escapements o f  t h e  two runs  c o n t r i b u t i n g  t o  t h e  catches i n  D i s t r i c t  212 had 
ve ry  d i f f e r e n t  age compos i t ions .  If t h e  r a t i o  o f  t h e  two runs i n  t h e  c a t c h  d i f -  
f e r e d  among channels o r  among weeks t h e r e  should have been cor respond ing d i f f e r -  
ences i n  t h e  age compos i t ion  o f  t h e  ca tch .  There were no d i f f e r e n c e s  i n  age 
compos i t ion  among channels b u t  t h e r e  were d i f f e r e n c e s  among weeks. Furthermore, 
t h e  i nc reases  i n  t h e  p o r t i o n  o f  f i s h  aged 1 .2  and "Other"  correspond c l o s e l y  t o  
increases i n  t h e  es t ima ted  p o r t i o n  o f  D e l t a / B e r i n g  f i s h  i n  t h e  f i s h e r y  as d e t e r -  
mined by s c a l e  p a t t e r n  a n a l y s i s .  

Based on t h e  r u n  a l l o c a t i o n s  o f  weekly catches o f  f i s h  aged 1.3 i n  D i s t r i c t  212, 
t h e  m i g r a t o r y  t i m i n g  i s  more pro longed f o r  the  Del t a / B e r i n g  r u n  than f o r  t h e  
U p r i v e r  run .  Because e f f o r t  was v a r i a b l e  among weeks, catches cannot  be used t o  
compare t h e  abundance th rough t ime  o f  U p r i v e r  and Del t a / B e r i n g  f i s h  i n  t h e  f i s h e r y .  
Perhaps c a t c h  p e r  u n i t  e f f o r t  s t a t i s t i c s  c o u l d  be modeled w i t h  d a t a  r e p o r t e d  h e r e i n  
t o  compare abundance through t ime.  

The e s t i m a t e  o f  t h e  r a t i o  o f  ca tch  t o  escapement i s  h i g h e r  f o r  t h e  De l ta /Be r ing  
r u n  than  f o r  t h e  U p r i v e r  r u n  based on t h e  es t ima ted  r u n  compos i t ion  o f  t h e  c a t c h  
and escapement es t ima tes  f o r  t h e  two runs .  The r a t i o  would be even l a r g e r  f o r  
t h e  De l ta /Be r ing  r u n  i f  f i s h  captured i n  D i s t r i c t  200 a r e  bound m a i n l y  f o r  t h e  
B e r i n g  R i v e r  as c u r r e n t  management p r a c t i c e s  would suggest (Randal l  e t  a l .  1983).  
The d i f f e r e n c e  between ca tch  t o  escapement r a t i o s  o f  t h e  two runs  may be l a r g e l y  
due t o  d i f f e r e n t  methods used t o  e s t i m a t e  t h e i r  escapements. Shar r  (1983b) 
a t tempted t o  use a e r i a l  survey data  i n c l u d e d  i n  t h e  escapement i n d i c e s  r e p o r t e d  
by Randal l  e t  a1 . (1983) p l u s  survey  da ta  f rom most, b u t  c e r t a i n l y  n o t  a1 1  o t h e r  
spawning s i t e s ,  i n  an e f f o r t  t o  es t ima te  t h e  t o t a l  Del t a / B e r i n g  escapement. 
Randal l  (persona l  communication) has suggested t h a t  t h i s  e s t i m a t e  may r e p r e s e n t  
as l i t t l e  as 50% o f  t h e  a c t u a l  Del t a / B e r i n g  escapement and i s  c e r t a i n l y  v e r y  
imprec ise .  Some o f  t h e  Del t a / B e r i n g  spawning areas a r e  f r e q u e n t l y  occluded, 
weekly surveys a r e  o f t e n  preempted by i nc lemen t  weather, and because l i t t l e  
a p p l i c a b l e  stream l i f e  da ta  a r e  a v a i l a b l e  f o r  any o f  t h e  D e l t a  s tocks ,  i t  i s  
d i f f i c u l t  t o  e s t i m a t e  dup l  i c a t e  counts.  Sonar es t ima tes  o f  U p r i v e r  escapement 
a l s o  have assoc ia ted  b iases  ( M e r r i t t  and Roberson 1983b), b u t  t h e  es t ima tes  a r e  
d a i l y ,  i n c l u d e  a l l  s tocks  c o n t r i b u t i n g  t o  t h e  run ,  and a r e  c e r t a i n l y  more r e 1  i a b l e  
and c o n s i s t e n t  than a e r i a l  surveys.  The h i g h e r  c a t c h  t o  escapement r a t i o  f o r  t h e  
Del t a / B e r i n g  r u n  cou ld  a1 so be due a  h i g h e r  r a t e  o f  e x p l o i t a t i o n  o f  t h a t  r u n  i n  
t h e  f i s h e r y  a1 though no evidence e x i s t s  t o  suppor t  t h a t  hypothes is .  Accura te  
d a i l y  escapement es t ima tes  o f  key De l ta /Be r ing  escapements would p e r m i t  more 
meaningfu l  comparisons w i t h  U p r i v e r  escapements and c o u l d  p r o v i d e  i m p o r t a n t  in form- 
a t i o n  about  t h e  t i m i n g  o f  t h e  r u n  th rough t h e  f i s h e r y .  

Based on t h e  1982 two-way model f o r  f i s h  aged 1.2 (1978 brood y e a r ) ,  s c a l e  p a t t e r n  
a n a l y s i s  should separa te  U p r i v e r  f rom Del t a / B e r i n g  f i s h  aged 1.3 w i t h  g r e a t e r  
accuracy i n  1983 (1978 brood y e a r )  t han  i t  d i d  f i s h  aged 1.3 i n  1982 (1977 brood 
y e a r ) .  As w i t h  models f o r  t h e  1975 and 1976 brood years  (Shar r  1983a), t h e  s c a l e  
v a r i a b l e s  se lec ted  as hav ing  t h e  most  d i s c r i m i n a n t  power f o r  t h e  1977 and 1978 
brood y e a r  a r e  r e l a t e d  t o  t h e  growth o f  f r y  i n  t h e  r e a r i n g  areas and i n  t h e  mode1 
hav ing  t h e  h i g h e s t  accuracy (1978 brood y e a r ) ,  t h e  most impor tan t  v a r i a b l e  i n  ID1 
( f i r s t  summer's g rowth) .  F i r s t  summer's growth was c o n s i s t e n t l y  l a r g e r  i n  U p r i v e r  
f i s h  and w h i l e  b o t h  runs  e x h i b i t e d  more f i r s t  summer's growth i n  1978 than i n  1977, 



t h e  i nc rease  was much l a r g e r  f o r  f i s h  f rom t h e  U p r i v e r  run.  Shar r  (1983a) 
suggests t h a t  c l i m a t i c  f a c t o r s  may be respons ib le  f o r  more f i r s t  summer's 
growth i n  U p r i v e r  f i s h  and v a r i a t i o n s  between years  b u t  c o r r e l a t i o n s  o f  t h i s  
n a t u r e  r e q u i r e  severa l  years  o f  s c a l e  p a t t e r n  data t o  i n t e r p r e t  i n  a  meaningful  
manner. 

The U p r i v e r  r u n  p a s t  M i l e s  Lake i s  composed o f  many stocks,  and w h i l e  a e r i a l  sur -  
veys h e l p  assess t h e  escapements o f  some o f  these stocks,  severa l  o r i g i n a t e  i n  
l a rge ,  g l a c i a l  l y  occluded systems where v i s u a l  es t imates  a r e  n o t  poss ib le .  
Escapement t o  g l a c i a l  s i t e s  such as Tonsina, K l u t i n a ,  and T a z l i n a  Lake may be 
q u i t e  l a r g e .  For  some o f  these stocks,  es t imates  o f  m i g r a t o r y  t i m i n g  i n  t h e  
Copper R i v e r  ( M e r r i t  and Roberson 1983b) can be r o u g h l y  c o r r e l a t e d  t o  d a i l y  sonar 
es t imates  o f  escapement p a s t  M i l e s  Lake b u t  a d d i t i o n a l  means o f  assess ing t h e i r  
magnitude would be v e r y  u s e f u l .  I n  1981 and 1982, when samples a t  C h i t i n a  were 
l a r g e  t h e  v a r i a b l e  ( ID1 ) had some bimodal f requency which may be r e l a t e d  t o  the  
m i x t u r e  o f  s tocks  m i g r a t i n g  Upr i ve r .  Some o f  these s tocks  r e a r  i n  g l a c i a l l y  
occluded waters  and some do no t .  Among De l ta /Ber ing  stocks,  f i s h  which r e a r  i n  
occluded waters  t y p i c a l l y  e x h i b i t  l e s s  f i r s t  summer's growth than those which 
r e a r  i n  c l e a r  waters .  T h i s  same r e l a t i o n s h i p  occurs among sockeye salmon s tocks  
i n  o t h e r  areas (Cross e t  a1 . 7 983; McPherson e t  a1 . 1983). With spawning ground 
samples from t h e  two groups o f  U p r i v e r  f i s h  i t  may be p o s s i b l e  t o  use sca le  
p a t t e r n  a n a l y s i s  t o  show t h a t  t h e  mode w i t h  t h e  s m a l l e s t  mean va lue  corresponds 
t o  f i s h  which r e a r  i n  occluded waters,  and t h a t  t h e  mode w i t h  t h e  l a r g e s t  mean 
corresponds t o  f i s h  which r e a r  i n  c l e a r  waters .  The r e l a t i v e  s i z e  o f  t h e  modes 
cou ld  be r e l a t e d  d i r e c t l y  t o  t h e  r e l a t i v e  s i z e  o f  t h e  escapements o f  t h e  two 
groups, and when coupled w i t h  lagged escapement es t ima tes  f rom t h e  M i l e s  Lake 
Sonar P r o j e c t ,  c o u l d  be used t o  es t ima te  t o t a l  escapement o f  s tocks  which r e a r  i n  
g l a c i a l  waters .  
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APPENDICES 



Appendix Table 1 .  Sockeye salmon co~~iil~ercidl catches in the Copper River Dis t r ic t  
by fishing period and s t a t i s t i c a l  week, and cun~ulative catches 
by f ishi  ng period in numbers of f ish and as percents of the 
total  catch, 1982. Source: Randall e t  a l .  (1983). 

.................................................................................... 
Fish ing  Cumulative 

S t a t i s t i c a l  Period Time Period Week C m ~ u l a t i v e  a s  Percent 
Week Dates (Hrs) Effort  Catch Catch Catch of Total 



Appendix  T a b l e  2. Age and sex c o m p o s i t i o n  o f  t h e  commerc ia l  ca t ches  o f  sockeye 
salmon i n  D i s t r i c t  212 b y  c a l e n d a r  week, 1982. 

0.2 1.1 0.3 1.2 2.1 1.3 2.2 1.4 2.3 3.2 3.3 'IDTAL - -- 
L*'W 2l 5/16- 5/22 
ERIOD SMlK,E SIZE 1,509 

SEXES COEBIND axl?fl' 0 0 1,436 7,021 0 212,531 2,712 320 16,754 0 0 240,i74 
PERCENT 0.00 0.00 .60 2.92 0.00 88.27 1.13 .13 6.96 0.00 0.00 100.00 - 

WFEK 22 5/23- 5/29 
ERIOD SAMPLE SIZE 2,699 

SEXES CLlIBINEE MNT 454 0 5,229 31,373 114 246,096 6,934 341 16,255 0 0 306,796 
PERmNT .15 0.00 1.70 10.23 .04 80.21 2.26 .11 5.30 0.00 0.00 100.00 - --- 

W E E K 2 3  5/30- 6/05 
PERIOD SMILE SIZE 2,439 

SEX3 UEBINED (LWW 125 0 2,877 17,887 0 118,703 2,377 188 10,382 0 0 152,539 
FERO3NT .08 0.00 1.89 11.73 0.00 77.82 1.56 .12 6.81 0.00 0.00 100.00 

h i  24 6/06- 6/12 
B I O D  SAPELE SIZE 1,768 

SEXES O~~BINED 03um 524 0 3,454 33,601 0 139,953 1,674 0 5,862 0 0 185,068 
PERCENT -28 0.00 1.87 18.16 0.00 75.62 .90 0.00 3.17 0.00 0.00 100.00 ------- 

WEEK 25 6/U- 6/19 
EERIDD SMIPLE SIZE 1,891 

SEXES a3bBINED OWKP 148 74 2,743 29,433 0 97,493 1,335 222 8,748 0 0 140,196 
PERCENT .11 .05 1.96 20.99 0.00 69.54 .95 .16 6.24 0.00 0.00 100.00 

WEEK 26 6/20- 6/26 
PERIOD SAMPLE SIZE 1,804 

SEXES W M 3 ~ i B  030W 149 149 931 16,393 0 43,705 1,267 37 4,583 0 0 67,214 
EACENT .22 .22 1.39 24.39 0.00 65.02 1.89 .06 6.82 0.00 0.00 100.00 -- 

WEEK 27 6/27- 7/03 
PERIOD SMKE SIZE 1,473 

SEXES 0)bBINFD aXlNT 474 71  1,586 12,472 0 18,788 473 47 923 0 24 34,858 
P E R M  1.36 .20 4.55 35.78 0.00 53.90 1.36 .13 2.65 0.00 .07 100.00 

WEEK 28 7/04- 7/10 
IEHIOD SAMPLE SIZE 1,570 

SMES CDM3INED COUiVr 297 20 1,110 10,272 0 17,550 535 0 1,309 40 0 31,133 
PERENT .95 -06 3.57 32.99 0.00 56.37 1.72 0.00 4.20 .13 0.00 100.00 

WEEK 29 7/11- 7/17 
PERIOD SAMPLE SIZE 338 

SMES OEBINED aWKP 20 0 54 296 0 1,136 25 0 107 0 0 1,638 
PERCENT 1.22 0.00 3.30 18.07 0.00 69.35 1.53 0.00 6.53 0.00 0.00 100.00 

WEEK 30 7/18- 7/24 
FERIOD SAMPLE SIZE 1,261 

WEEK 31 7/1& 7/31 
PERIOD SMIPLE SIZE 257 

SMES CDEBU4EL.l mONT 111 0 1,514 628 0 6,539 0 0 701 0 0 9,493 
PERCENT 1.17 0.00 15.95 6.62 0.00 68.88 0.00 0.00 7.38 0.00 0.00 100.00 

W E E K  32 8/01- 8/07 
PERIOD SAI,IPLE SIZE 605 

SEXES WPBINED aXlW 94 9 790 1,035 0 3,219 169 9 367 0 0 5,692 
FERaNT 1.65 -16 13.88 18.18 0.00 56.55 2.97 .16 6.45 0.00 0.00 100.00 

WEEK 33 8/08- 8/14 
fEHU)D SMUCE SIZE 6 05 

SEES U)I.RINEU CWNT 47 5 397 518 0 1,613 85 5 184 0 0 2,854 
PERCENT 1.65 .18 13.91 18.15 0.00 56.52 2.98 .18 6.45 0.00 0.00 100.00 

FERIUffi CUI~BDJID 
SAMPLE SIZES WI*BINED 18,219 



Becaure the Alaaka Department of Firh and Game receives federal funding, all of itr 
public program and activities are operated free from discrimination on the barir of race, 
religion, color, national origin, age, sex, or handicap. Any perron who believes he or rhe 
haa been discriminated againrt rhould write to: 

O.E.O. 
U.S. Department of the Interior 
Waahington, D.C. 20240 


	TABLE OF CONTENTS
	LIST OF TABLES
	LIST OF FIGURES
	LIST Of APPENDICES
	ABSTRACT
	INTRODUCTION
	METHODS
	Discriminant Analysis
	Catch and Escapement Statistics
	Catch Apportionment

	RESULTS
	Catches and Escapements
	Classification Models
	Catch Allocations

	DISCUSSION
	ACKNOWLEDGMENTS
	LITERATURE CITED
	Personal Communications

	APPENDICES



